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1
PRINTED WIRING BOARD INCLUDING
FIRST AND SECOND INSULATING LAYERS
HAVING DIELECTRIC LOSS TANGENTS
THAT ARE DIFFERENT BY A
PREDETERMINED RELATIONSHIP

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to a printed wiring board
having one or more signal lines.

The present application claims priority from Japanese
Patent Application No. 2011-027624, filed on Feb. 10, 2011,
which is incorporated by reference in its entity and which is to
be a part of the description and/or drawings of the present
application.

2. Description of the Related Art

Signal lines of a printed wiring board are covered by an
insulating layer in general, and it is known that the dielectric
tangent of this insulating layer affects the signal loss. Multi-
layer circuit boards are known which relate to this kind of
technique and in which signal lines are surrounded by an air
layer in view of achieving high-speed transmission (Japanese
unexamined Patent Publication No. H11 (1999)-168279
(Patent Document 1)).

PRIOR ART DOCUMENT(S)
Patent Document(s)

[Patent Document 1] Japanese unexamined Patent Publica-
tion No. H11 (1999)-168279

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, if the structure of a printed wiring board for
high-speed transmission is modified according to the above
prior art document, problems possibly occur that designing
such a structure may be difficult because restrictions with
regard to the material and structure are imposed and a new
processing method must be developed.

Problems to be solved by the present invention include
providing a structure of printed wiring board which is capable
of achieving high-speed transmission while being readily to
be designed.

Means for Solving the Problems

(1) The present invention solves the above problems by
providing a printed wiring board comprising: a first insulating
layer; a ground layer formed on one main surface of the first
insulating layer; a signal line formed on other main surface of
the first insulating layer; two conductive lines formed on the
other main surface of the first insulating layer and juxtaposed
to the signal line such that the signal line is interposed
between the conductive lines; and a second insulating layer
laminated at a side of the other main surface of the first
insulating layer so as to cover the signal line and the conduc-
tive lines, wherein, upon a dielectric tangent of the second
insulating layer being larger than a dielectric tangent of the
first insulating layer, the printed wiring board is configured to
have a relationship as follows: (a relative permittivity of the
first insulating layer)-(a width of the signal line)/(a thickness
of the first insulating layer)>(a relative permittivity of the
second insulating layer)-((a thickness of the signal line)/(a
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distance between the signal line and one of the conductive
lines)+(the thickness of the signal line)/(a distance between
the signal line and the other of the conductive lines)).

(2) In the present invention, the above problems are solved
by providing a printed wiring board comprising: a first insu-
lating layer; a ground layer formed on one main surface of the
first insulating layer; a signal line formed on other main
surface of the first insulating layer; two conductive lines
formed on the other main surface of the first insulating layer
and juxtaposed to the signal line such that the signal line is
interposed between the conductive lines; and a second insu-
lating layer laminated at a side of the other main surface ofthe
first insulating layer so as to cover the signal line and the
conductive lines, wherein, upon a dielectric tangent of the
second insulating layer being smaller than a dielectric tangent
of the first insulating layer, the printed wiring board is con-
figured to have a relationship as follows: (a relative permit-
tivity of the first insulating layer)-(a width of the signal
line)/(a thickness of the first insulating layer)<(a relative per-
mittivity of the second insulating layer)-((a thickness of the
signal line)/(a distance between the signal line and one of the
conductive lines)+(the thickness of the signal line)/(a dis-
tance between the signal line and the other of the conductive
lines)).

(3) In the above invention, the above problems are solved
by providing a printed wiring board comprising: a first insu-
lating layer; a ground layer formed on one main surface of the
first insulating layer; a pair of signal lines formed on other
main surface of the first insulating layer; two conductive lines
formed on the other main surface of the first insulating layer
and juxtaposed to the pair of signal lines such that the signal
lines are interposed between the conductive lines; and a sec-
ond insulating layer laminated at a side of the other main
surface of the first insulating layer so as to cover the signal
lines and the conductive lines, wherein, upon a dielectric
tangent of the second insulating layer being larger than a
dielectric tangent of the first insulating layer, the printed
wiring board is configured to have a relationship as follows: (a
relative permittivity of the first insulating layer)-(a width of
the signal lines)/(a thickness of the first insulating layer)>(a
relative permittivity of the second insulating layer)-((a thick-
ness of the signal lines)/(a distance between the signal lines
and one of the conductive lines)+(the thickness of the signal
lines)/(a distance between the signal lines and the other of the
conductive lines)+(the thickness of the signal lines)/(a dis-
tance between the pair of signal lines)-2), or wherein, upon a
dielectric tangent of the second insulating layer being smaller
than a dielectric tangent of the first insulating layer, the
printed wiring board is configured to have a relationship as
follows: (a relative permittivity of the first insulating layer)-(a
width of the signal lines)/(a thickness of the first insulating
layer)<(a relative permittivity of the second insulating layer)
‘((a thickness of the signal lines)/(a distance between the
signal lines and one of the conductive lines)+(the thickness of
the signal lines)/(a distance between the signal lines and the
other of the conductive lines)+(the thickness of the signal
lines)/(a distance between the pair of signal lines)-2).

(4) In the above invention, the ground layer has a mesh
structure configured such that a plurality of regions are dis-
cretely removed to leave a remaining region, and a value of (a
relative permittivity of the first insulating layer)-(a width of
the signal line)/(a thickness of the first insulating layer) in the
relationship may be multiplied by a conductive region ratio
representing a ratio of an area of the remaining region to an
area of an entire region where the ground layer is provided,
thereby being calculated as (a relative permittivity of the first
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insulating layer)-(a width of the signal line)/(a thickness of
the first insulating layer)-(the conductive region ratio).

Advantageous Effect of the Invention

According to the present invention, the electrostatic
capacitance in each insulating layer of the printed wiring
board is allowed to be adjusted on the basis of the relationship
among the material characteristics of the insulating layers, the
width of the signal line(s) and the thicknesses of the insulating
layers, depending on the magnitude of the relationship in the
dielectric tangent between the insulating layers that contacts
the signal line(s). Consequently, the printed wiring board can
be provided to have a structure capable of high-speed trans-
mission while being readily to be designed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view of a printed wiring board
according to embodiments of the present invention;

FIG. 2 is an enlarged cross-sectional view along line II-ITin
FIG. 1;

FIG. 3 is a graph showing the transmission characteristics
when the dielectric tangent A is larger than the dielectric
tangent B;

FIG. 4 is a graph showing the transmission characteristics
when the dielectric tangent A is smaller than the dielectric
tangent B;

FIG. 5 is a graph comparing the transmission characteris-
tics when the dielectric tangent A is larger than the dielectric
tangent B and the transmission characteristics when the
dielectric tangent A is smaller than the dielectric tangent B;

FIG. 6 is a graph showing the transmission characteristics
of examples when the dielectric tangent A is larger than the
dielectric tangent B;

FIG. 7 is a graph showing the transmission characteristics
of'examples when the dielectric tangent A is smaller than the
dielectric tangent B;

FIG. 8 is an enlarged cross-sectional view, which corre-
sponds to FIG. 2, of a printed wiring board according to the
second embodiment; and

FIG. 9 is arear surface perspective view of a printed wiring
board according to the third embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

First Embodiment

Hereinafter, a first embodiment according to the present
invention will be described with reference to the drawings. In
the present embodiment, examples will be described in which
a printed wiring board 1 according to the present invention is
applied to one or more transmission lines for connecting
between circuits in a device or between devices.

FIG.1isaperspective view illustrating a status where parts
of a protecting layer 20 are stripped from the printed wiring
board 1 according to the present embodiment.

As shown in FIG. 1, a signal line 41 is provided to extend
along Y-direction in the figure on a main surface (the surface
at the side of positive Z-direction in the figure) of an insulat-
ing base material 11, and two conductive lines 42a and 425
are juxtaposed at both right and left sides of the signal line 41
such that the signal line 41 is interposed between the conduc-
tive lines 42a and 425 with certain constant spaces in X-di-
rection, which is perpendicular to the Y-direction and the
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Z-direction, and is referred to as width direction of each
component. The conductive lines 42a and 425 may be ones
having transmission function or ones functioning as ground
for signals. The protecting layer 20 covers these signal line 41
and conductive lines 42a and 425. In addition, the opposite
main surface of the insulating base material 11 is formed
thereon with a ground layer 30, such as copper foil. Thus, the
printed wiring board 1 according to the present embodiment
comprises a so-called microstrip line structure which has a
conductor of signal line on one face of an insulating layer
while having a ground layer of the ground potential on the
opposite face thereof.

A method of producing the printed wiring board 1 accord-
ing to the present embodiment will be briefly described with
reference to FIG. 1 together with FIG. 2. First, a double-face
conductor-foil-laminated board is prepared. This conductive-
foil-laminated board is a plate-like member in which metal
foils, such as copper foils, are applied to both main surfaces of
an insulating base material 11, such as polyimide (PI), via a
first adhesive layer 12 and a second adhesive layer 13. As the
insulating base material 11, polyethylene terephthalate
(PET), polyethylene naphthalate (PEN), polyester (PE), liq-
uid crystal polymer (LCP), etc. may be used. The metal foil
formed on one main surface of the printed wiring board 1 is
caused to function as the ground layer 30, while certain
regions of the metal foil are removed from the other main
surface using common photolithography method thereby to
form the signal line 41 and the conductive lines 42a and 425.
Thereafter, a sheet-like protecting layer 20 is laminated to
cover the signal line 41 and the conductive lines 42a and 425,
followed by a heat treatment, and the printed wiring board 1
according to the present embodiment is thus obtained.

Hereinafter, the structure of the printed wiring board 1
according to the present embodiment will be described in
detail.

FIG. 2 is an enlarged cross-sectional view along line II-IT in
FIG.1. As shown in FIG. 2, the ground layer 30 is formed with
a predetermined thickness (T30) on one main surface (lower
surface) of a first insulating layer 10 (thickness T10) includ-
ing the insulating base material 11 of thickness T11, the first
adhesive layer 12 of thickness T12, and the second adhesive
layer 13 of thickness T13.

Moreover, the other main surface (upper surface) of the
first insulating layer 10 is formed thereon with lines 40 that
comprise the signal line 41 of thickness T41 and the conduc-
tive lines 42a and 425 of thickness T42, each including a
copper foil layer 40a of thickness T40qa and a plated layer 405
of'thickness T4054. The line width of the signal line 41 is W41,
and the line widths of the conductive lines 42a and 424 are
W42a and W42b, respectively. Furthermore, the spaces
between the signal line 41 and the conductive lines 42a and
42b juxtaposed at both sides thereof are constant as being S1
and S2, respectively.

The protecting layer 20 is formed with a thickness T20 to
cover the signal line 41 and the conductive lines 42a and 4264.

The printed wiring board 1 according to the present
embodiment has a configuration depending on the magnitude
relationship between the dielectric tangent of a second insu-
lating layer 20 (hereinafter also referred to as insulating layer
A), which includes the protecting layer 20 and the required
adhesive layer (not shown in the FIG. 2), and the dielectric
tangent of the first insulating layer 10 (hereinafter also
referred to as insulating layer B), which includes the insulat-
ing base material 11 and the required adhesive layers (12 and
13).

Specifically, the printed wiring board 1 according to the
present invention has a configuration which satisfies the fol-
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lowing Relational Expression 1 when the dielectric tangent of
the second insulating layer (insulating layer A) 20 (hereinaf-
ter also referred to as dielectric tangent A) is larger than the
dielectric tangent of the first insulating layer (insulating layer
B) 10 (hereinafter also referred to as dielectric tangent B).

(relative permittivity of first insulating layer (insulat-
ing layer B)10)-(width (W#41) of signal line 41)/
(thickness (710) of first insulating layer (insulat-
ing layer B)10)>(relative permittivity of second
insulating layer (insulating layer 4)20)-{(thick-
ness (741) of signal line 41)/(distance (S1)
between signal line 41 and one conductive line
42a)+(thickness (741) of signal line 41)/(distance
(.S2) between signal line 41 and other conductive
line 42b)} Relational Expression 1

Alternatively, the printed wiring board 1 according to the
present invention may have a configuration which satisfies the
following Relational Expression 2 when the dielectric tan-
gent of the second insulating layer (insulating layer A) 20 is
smaller than the dielectric tangent of the first insulating layer
(insulating layer B) 10.

(relative permittivity of first insulating layer (insulat-
ing layer B) 10)-(width (W41) of signal line 41)/
(thickness (710) of first insulating layer (insulat-
ing layer B) 10)<(relative permittivity of second
insulating layer (insulating layer 4) 20)-{(thick-
ness (741) of signal line 41)/(distance (S1)
between signal line 41 and one conductive line
42a)+(thickness (741) of signal line 41)/(distance
(.S2) between signal line 41 and other conductive
line 42b)} Relational Expression 2

In general, losses for signal transmission include a conduc-
tive loss and a dielectric loss. The conductive loss is caused by
a resistance due to direct current resistance and skin effect,
while the dielectric loss is caused by a resistance due to
thermal vibration of constituent molecules of the dielectric
material. The loss in the printed wiring board 1 according to
the present embodiment is primarily due to the dielectric loss,
and it is thus proposed to improve the dielectric tangent of a
material from the viewpoint of reducing the signal loss.

For a common capacitor, the dielectric tangent is the ratio
of'aloss current Ir and a current Ic that flows through an ideal
capacitance, and may be represented by Equation 1: tan
d(delta)=Ir/Ic (3 is loss angle). An ideal capacitor involves a
parasitic resistance in parallel. The parasitic resistance is
associated with the resistances of electrodes of the capacitor,
leakage current between the electrodes, and the resistance due
to thermal vibration of the dielectric material, and the current
flowing through this parasitic resistance is the loss current Ir.
Assuming that the applied voltage is E for Equation 1,
lIcI=EwC is obtained because Ic is the current flowing
through the ideal capacitor, while |Ir|=E/Rp is also obtained
because Ir is the current flowing through the parasitic resis-
tance (Rp). The dielectric tangent tan d is a value determined
depending on the material, and therefore, if the same material
is used, then tan 0 is substantially invariable. As such, the
invariable tan § ensures the ratio of Ir and Ic to be constant.

Considering the above, it will be said that the fraction of
wC and 1/Rp is constant because of tan d(delta)=Ir/Ic=1/
wCRp. That is, as C increases, Rp decreases, whereas as C
decreases, Rp increases.

Here, the above consideration will be applied to the printed
wiring board 1 according to the present embodiment. The
signal line 41 of the printed wiring board 1 according to the
present embodiment has an inductive component and a
capacitive component to the ground layer 30, and the fraction
thereof defines the characteristic impedance. In addition, the
signal line 41 of the printed wiring board 1 according to the
present embodiment also has additional capacitive compo-
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6

nents with the juxtaposed conductive lines 42a and 425 along
the extending direction (Y-direction in FIG. 1). That is, the
signal line 41 has a total capacitive component with the
ground layer 30 facing via the first insulating layer 10 as well
as with the conductive line 424 facing via the protecting layer
20 and with the conductive line 425 also facing via the pro-
tecting layer 20.

Each electrostatic capacitance C as described above can be
obtained by C=,€S8/d (where, &, is the permittivity in
vacuum, € is the relative permittivity, -S is the area of the
conductors, and d is the distance between the conductors).
When obtaining the electrostatic capacitance C between the
signal line 41 and the conductive lines 42a and 425, the area
S may be approximated to be the product of (the thicknesses
of'the signal line 41 and the conductive lines 42a and 425) and
one (1) in terms of the unit length. Similarly, for the electro-
static capacitance C between the signal line 41 and the ground
layer 30, the area S may be approximated to be the product of
(the width of the signal line 41) and one (1) in terms of the unit
length.

C1 (between signal line 41 and conductive line 42a)=
(permittivity in vacuum)-(relative permittivity of
insulating layer A)-(thickness of signal line 41)/
(distance (S1) from one conductive line 424)

C2 (between signal line 41 and conductive line 425)=
(permittivity in vacuum)-(relative permittivity of
insulating layer A)-(thickness of signal line 41)/
(distance (S2) from other conductive line 425)

C3 (between signal line 41 and ground layer 30)=
(permittivity in vacuum)-(relative permittivity of
insulating layer B)-(width (W41) of signal line
41)/(thickness (710) of insulating layer B)

The electrostatic capacitances surrounding the signal line
41 may be known from the above C1 to C3.

As previously discussed, since the fraction of wC and 1/Rp
is constant for given capacitors, if respective dielectric tan-
gents and electrostatic capacitances are known, then the ratio
of the Rps are also known, and therefore, it may be contem-
plated to design the printed wiring board 1 such that the loss
becomes reduced. In order to reduce the loss, Ir may be
decreased, that is, Rp is required to be increased. One way to
increase Rp is to reduce C.

However, the electrostatic capacitance C may not be
widely changed because the characteristic impedance is
required to be adjusted when transmitting signals of high-
speed. The printed wiring board 1 according to the present
embodiment is provided as the above structure in which the
electrostatic capacitance C may be selectively changed under
the restriction that the characteristic impedance is to be
adjusted.

The transmission characteristics of the printed wiring
board 1 will be verified hereinafter in association with the
structure according to the present embodiment.

In both cases that the dielectric tangent A is larger than the
dielectric tangent B and that the dielectric tangent A is smaller
than the dielectric tangent B, the loss (S12) of the printed
wiring board 1 is obtained through varying respective width
(W41) of the signal line 41 thereby to vary the relationship
between “(relative permittivity of insulating layer B (herein-
after also referred to as relative permittivity B))-(width (W41)
of'signal line 41)/(thickness (T10) of insulating layer B (10))”
and “(relative permittivity of insulating layer A (hereinafter
also referred to as relative permittivity A))-{(thickness (T41)
of signal line 41)/(distance (S1) between signal line 41 and
one conductive line 42a)+(thickness (T41) of signal line 41)/
(distance (S2) between signal line 41 and other conductive
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line 424)}”. In the present embodiment, permittivities or
dielectric losses of materials are measured by the cavity reso-
nator method on the basis of variation amounts in resonance
frequency and/or Q-value within the resonator caused when a
small dielectric or magnetic material is inserted into the reso-
nator. In the present embodiment, the loss (S12) of the printed
wiring board 1 may be obtained using a commercially avail-
able cavity resonator method permittivity measurement appa-
ratus.

First, when the dielectric tangent A was larger than the
dielectric tangent B, as shown in Table 1, the distance (S1)
between signal line 41 and one conductive line 42a and the
distance (S2) between signal line 41 and the other conductive
line 426 were varied for Samples 1 to 4 thereby to change the
magnitude of the relation in the above relationship. Samples
1 to 4 correspond to the cases of T=0.5, 1, 2 and 4, respec-
tively in FIG. 3.

TABLE 1

5

8

(GHz). As shown in FIG. 3, when T is one or larger, the losses
are low and the transmission characteristics are thus excel-
lent. That is, if the dielectric tangent A is larger than the
dielectric tangent B, then the losses are low and the transmis-
sion characteristics are excellent when “(relative permittivity
B)-(width (W41) of signal line 41)/(thickness (T10) of insu-
lating layer B (10))”>“(relative permittivity A)-{(thickness
(T41) of signal line 41)/(distance (S1) between signal line 41
and one conductive line 42a)+(thickness (T41) of signal line
41)/(distance (S2) between signal line 41 and other conduc-
tive line 425)}”.

In particular, as the difference between the left-hand side
and the right-hand side of the above inequality expression
becomes large (as T becomes larger than one), that is, if the
dielectric tangent A is larger than the dielectric tangent B,
then, as “(relative permittivity B)-(width (W41) of signal line
41)/(thickness (T10) of insulating layer B (10))” becomes

Dielectric tangent A > Dielectric tangent B

Thickness Thickness Thickness Thickness Distance Distance
Signal of of of of from one from other
line insulating insulating conductive ground conductive conductive Dielectric
width layer A layer B layer layer line line Permittivity tangent
T (W41 (T20) (T10) (T40) (T30) (S1) (82) A B A B
Sample 1 0.5 100 50 100 25 25 25 25 3 3 0.05  0.005
Sample2 1 100 50 100 25 25 50 50 3 3 0.05  0.005
Sample 3 2 100 50 100 25 25 100 100 3 3 0.05  0.005
Sample 4 4 100 50 100 25 25 200 200 3 3 0.05  0.005

Then, T was defined as being a value obtained by dividing
“(relative permittivity B)-(width (W41) of signal line 41)/
(thickness (T10) of insulating layer B (10))” by “(relative
permittivity A)-{(thickness (T41) of signal line 41)/(distance
(S1) between signal line 41 and one conductive line 42a)+
(thickness (T41) of signal line 41)/(distance (S2) between
signal line 41 and other conductive line 425)}”, and the losses
(812) were measured as transmission characteristics for every
T value. In the present examples, S12 parameters were mea-
sured with 0.02 GHz-spacing across the frequency range for
measurement (0 to 20 GHz), using a network analyzer
(N5230 A type) available from Agilent Technologies, Inc.
S12 represents a signal (friction) input from port 2 and then
transmitted to port 2. Note that, although the relative permit-
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larger than the value of “(relative permittivity A)-{(thickness
(T41) of signal line 41)/(distance (S1) between signal line 41
and one conductive line 42a)+(thickness (T41) of signal line
41)/(distance (S2) between signal line 41 and other conduc-
tive line 424)}”, the losses are lower and the transmission
characteristics are more excellent.

Subsequently, when the dielectric tangent A was smaller
than the dielectric tangent B, as shown in Table 2, the distance
(S1) between signal line 41 and one conductive line 42a and
the distance (S2) between signal line 41 and the other con-
ductive line 425 were varied for Samples 5 to 8 thereby to
change the magnitude of the relation in the above relation-
ship. Samples 5 to 8 correspond to the cases of T=0.5, 1, 2 and
4, respectively in FIG. 4.

TABLE 2

Dielectric tangent A < Dielectric tangent B

Thickness Thickness Thickness Thickness Distance Distance
Signal of of of of from one from other
line insulating insulating conductive ground conductive conductive Dielectric
width layer A layer B layer layer line line Permittivity tangent
T (W41) (T20) (T10) (T40) (T30) (S1) (82) A B A B
Sample 5 0.5 100 50 100 25 25 25 25 3 3 0.005 0.05
Sample 6 1 100 50 100 25 25 50 50 3 3 0.005 0.05
Sample 7 2 100 50 100 25 25 100 100 3 3 0.005 0.05
Sample 8 4 100 50 100 25 25 200 200 3 3 0.005 0.05

tivity A and the relative permittivity B were set as being the
same value in view of not making experiments be complex,
different values would also lead to similar results.

FIG. 3 shows the losses (S12) in dB of the printed wiring
board 1, i.e. Samples 1 to 4, depending on the frequency

65

Then, the losses (S12) in dB were similarly measured as
transmission characteristics for every T value. FIG. 4 shows
the losses (S12) in dB of the printed wiring board 1, i.e.
Samples 5 to 8, depending on the frequency (GHz). As shown
in FIG. 4, when T is one or smaller, the losses are low and the
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transmission characteristics are thus excellent. That is, if the
dielectric tangent A is smaller than the dielectric tangent B,
then the losses are low and the transmission characteristics
are excellent when “(relative permittivity B)-(width (W41) of
signal line 41)/(thickness (T10) of insulating layer B (10))”<*
(relative permittivity A)-{(thickness (T41) of signal line 41)/
(distance (S1) between signal line 41 and one conductive line
42a)+(thickness (T41) of signal line 41)/(distance (S2)
between signal line 41 and other conductive line 425)}”.

In particular, as the difference between the left-hand side
and the right-hand side of the above inequality expression
becomes large (as T becomes larger than one), that is, if the
dielectric tangent A is smaller than the dielectric tangent B,
then, as “(relative permittivity B)-(width (W41) of signal line
41)/(thickness (T10) of insulating layer B (10))” becomes
smaller than the value of “(relative permittivity A)-{(thick-
ness (T41) of signal line 41)/(distance (S1) between signal
line 41 and one conductive line 42a)+(thickness (T41) of
signal line 41)/(distance (S2) between signal line 41 and other
conductive line 42b)}”, the losses are lower and the transmis-
sion characteristics are more excellent.

Moreover, FIG. 5 shows the comparison between the graph
of T=1 (Sample 2) shown in FIG. 3 when the dielectric tan-
gent A is larger than the dielectric tangent B and the graph of
T=1 (Sample 6) shown in FIG. 4 when the dielectric tangent
A is smaller than the dielectric tangent B. Vertical and hori-
zontal axes in FIG. 5 are the same as those in FIGS. 3 and 4.
As shown in FIG. 5, in both cases that the dielectric tangent A
is larger than the dielectric tangent B and that the dielectric
tangent A is smaller than the dielectric tangent B, the graphs
are substantially identical in the cases where “(relative per-
mittivity B)-(width (W41) of signal line 41)/(thickness (T10)
of insulating layer B (10))” and “(relative permittivity A)-{
(thickness (T41) of signal line 41)/(distance (S1) between
signal line 41 and one conductive line 42a)+(thickness (T41)
of signal line 41)/(distance (S2) between signal line 41 and
other conductive line 425)}” are the same (ie. T=1), and
therefore, it will be appropriate to obtain a structure of the
printed wiring board 1 with lower loss on the basis of the
magnitude of the relationship in the above expression.

Examples

Hereinafter, losses (S12) of Examples 1 to 6 where the
dielectric tangent A is larger than the dielectric tangent B and
Examples 7 and 8 where the dielectric tangent A is smaller
than the dielectric tangent B will be described.

First, examples will be explained where the dielectric tan-
gent A is larger than the dielectric tangent B. According to
these examples, the width (W41) of the signal line 41 and the
distances (S1 and S2) between the signal line 41 and the
conductive lines 42a and 424 are obtained as design factors.
In these examples, the distance (S1) between the signal line
41 and the conductive line 424 and the distance (S2) between
the signal line 41 and the conductive line 425 were assumed
to be the same value in order to avoid the experiment from
being complex.

Examples 1 to 6 and Reference Examples 1 and 2 for the
printed wiring board 1 were configured using materials
shown in Table 3 below.
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10
TABLE 3

Dielectric tangent A > Dielectric tangent B

Relative Dielectric

Material Thickness permittivity ~ tangent
Insulating base Polyimide 50 33 0.004
material 11
First adhesive Epoxy-base 10 39 0.02
layer 12, Second  adhesive
adhesive layer 13
Protecting layer ~ Epoxy-base 50 4.6 0.04
20 adhesive
Thickness (T41)  Copper foil + 33 — —
of signal line Copper plating
Thickness (T42)  Copper foil + 33 — —

of conductive
lines

Copper plating

According to the present examples and reference
examples, the relative permittivity B was obtained as follows
because the insulating layer B was made as multi layer struc-
ture. Assuming that the electrostatic capacitance C of the
insulating layer B is represented as C=,-&-S/d, then &=C-d/
&,°S is obtained. On the other hand, the electrostatic capaci-
tance C of the insulating layer B is to be 1/C=1/(electrostatic
capacitance of insulating base material 11)+1/(electrostatic
capacitance of first adhesive layer 12)+1/(electrostatic
capacitance of second adhesive layer 13). Using the values
shown in Table 3, the relative permittivity B is obtained as
3.3-3.9-(50+10-2)/(50-3.9+(10+10)-3.3)=3 .45.

Thereafter, the product of the width (W41) of the signal
line 41 and the distance (S1, S2) between the signal line 41
and the conductive lines 42a, 426 as the design factors is
obtained from the relationship between “(relative permittivity
B)-(width (W41) of signal line 41)/(thickness (T10) of insu-
lating layer B (10))” and “(relative permittivity A)-{(thick-
ness (T41) of signal line 41)/(distance (S1) between signal
line 41 and one conductive line 42a)+(thickness (T41) of
signal line 41)/(distance (S2) between signal line 41 and other
conductive line 425)}”.

Substituting the previously obtained relative permittivity B
and the values of Table 3 into the above relationship, “3.45-
(width (W41) of signal line 41)/70>4.6-33-2/(distance (S1,
S2) between signal lime 41 and conductive lines 42a,425)” is
obtained, resulting in “(width (W41) of signal line 41)-(dis-
tance (S1, S2) between signal lime 41 and conductive lines
42a, 42b)>4.6:33-2-70/3.45=6160".

In simple terms, it may be required to obtain a structure
where the value of “(width (W41) of signal line 41)-(distance
(S1, S2) between signal lime 41 and conductive lines 424,
42b)” comes to be larger than 6160. The structure of each
printed wiring board 1 for Examples 1 to 6 and Reference
Examples 1 and 2 is shown in Table 4 below. As shown in
Table 4, each printed wiring board 1 for Examples 1 to 6
satisfies that (width (W41) of signal line 41)-(distance (S1,
S2) between signal lime 41 and conductive lines 42a, 42b) is
larger than 6160. Whereas, Reference Examples 1 and 2 fail
to satisfy that (width (W41) of signal line 41)-(distance (S1,
S2) between signal lime 41 and conductive lines 42a, 42b) is
larger than 6160. Note that the impedance is supposed to be a
constant value (e.g. 50) in Examples according to the present
embodiment and Reference Examples.
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TABLE 4
Ref. Ref.
Example Example FExample Example Example Example Example Example
1 2 3 4 5 6 1 2

Width of signal line (W41) 140 130 125 115 100 90 85 60
Distance between signal line 200 150 125 100 80 70 65 50
and conductive lines (S1, S2)
(width of signal line) - 28000 19500 15625 11500 8000 6300 5525 3000
(distance) (W4*S1, S2)
Impedance 50 50 50 50 50 50 50 50

Subsequently, losses (S12) in dB of Examples 1 to 6 and
Reference Examples 1 and 2 were measured. FIG. 6 shows
the losses (S12) in dB of these examples depending on the
frequency (GHz). As shown in FIG. 6, Examples 1 to 6, which
satisfy the above relationship, exhibit low losses and excel-
lent transmission characteristics. However, it has become
clear that Reference Examples 1 and 2, which fail to satisfy
the above relationship, exhibit relatively high losses and rela-
tively poor transmission characteristics.

Examples will then be explained where the dielectric tan-
gent A is smaller than the dielectric tangent B. According to
these examples, the width (W41) of the signal line 41 and the
distances (S1, S2) between the signal line 41 and the conduc-
tive lines 42a and 4254 are also obtained as design factors.
Likewise the previously described examples, the distance
(S1) between the signal line 41 and the conductive line 42a
and the distance (S2) between the signal line 41 and the
conductive line 425 were assumed to be the same value.

Examples 7 and 8 and Reference Examples 3 to 7 for the
printed wiring board 1 were configured using materials
shown in Table 5 below.

TABLE §

Dielectric tangent A < Dielectric tangent B
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Likewise Examples 1 to 6 and Reference Examples 1 and 2,
the relative permittivity B of the multi layer structure insulat-
ing layer B of the printed wiring board 1 for each of Examples
7 and 9 and Reference Examples 3 to 7 is obtained using the
values shown in Table 5 as 3.3-3.9-(25+10-2)/(25-3.9+(10+
10)-3.3)=3.54.

Thereafter, the product of the width (W41) of the signal
line 41 and the distance (S1, S2) between the signal line 41
and the conductive lines 42a, 426 as the design factors is
obtained.

Substituting the previously obtained relative permittivity B
and the values of Table 5 into the above relationship, “3.54-
(signal line width)/45<2.9-33-2/(distance (S1, S2) between
signal lime 41 and conductive lines 42a, 425)” is obtained,
resulting in (width (W41) of signal line 41)-(distance (S1, S2)
between signal lime 41 and conductive lines 42a, 42b)
<2.9-33-2-45/3.54=2433.

In simple terms, it may be required to obtain a structure
where the value of (width (W41) of signal line 41)-(distance
(S1, S2) between signal lime 41 and conductive lines 424,

40 42b) comes to be smaller than 2433. The structure of each
Relative Dielectric . -
Material Thickness permittivity  tangent printed wiring board 1 for Examples 7 and 8 and Reference
Insulating base  Polyimide 2 s 0.008 Examples.3 to7 1§ s.hown in Table 6 below. As shown in Table
material 11 6, each printed wiring board 1 for Examples 7 and 8 satisfies
First adhesive Epoxy-base 10 39 0.02 . . . 1
layer 12, Second  adhesive 45 that (width (W41) of signal line 41)-(distance (S1, S2)
adhesive layer 13 between signal lime 41 and conductive lines 42a, 42b) is
Protecting layer ~ Epoxy-base 50 2.9 0.0005 .
20 8wy a(ﬂesyive smaller than 2433. Whereas, Reference Examples 3 to 7 fail
Thickness (T41) ~ Copper foil + 33 — — to satisfy that (width (W41) of signal line 41)-(distance (S1,
of signal line Copper plating . . . . .
Thickness (T42) ~ Copper foil + 33 _ _ 50 S2) between signal lime 41 and conductive lines 42a, 42b) is
?fcondu“i"e Copper plating smaller than 2433. Note that the impedance is supposed to be
ines ) A
a constant value (e.g. 50) in Examples according to the
present embodiment and Reference Examples.
TABLE 6
Ref. Ref. Ref. Ref. Ref.
Example Example FExample Example Example Example Example
7 8 3 4 5 6 7
Width of signal line (W41) 25 45 60 70 80 85 90
Distance between signal line 30 40 50 65 80 100 150
and conductive lines (S1, S2)
(width of signal line) - 750 1800 3000 4550 6400 8500 13500
(distance) (W4*S1, S2)
Impedance 50 50 50 50 50 50 50
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Subsequently, losses (S12) in dB of Examples 7 and 8 and
Reference Examples 3 to 7 were measured. FIG. 7 shows the
losses (S12) in dB of these examples depending on the fre-
quency (GHz). As shown in FIG. 7, Examples 7 and 8, which
satisfy the above relationship, exhibit low losses and excel-
lent transmission characteristics. However, it has become
clear that Reference Examples 3 to 7, which fail to satisfy the
above relationship, exhibit relatively high losses and rela-
tively poor transmission characteristics.

As described hereinbefore, the printed wiring board 1
according to the embodiment of the present invention is
allowed to adjust each of the electrostatic capacitances C1 to
C3 of the insulating layers on the basis of the relationship
among the material characteristics of the insulating layers A
and B, the width (W41) of the signal line and the thicknesses
(T20 and T10) of the insulating layers, depending on the
magnitude relationship of the dielectric tangent between the
insulating layers A and B facing each other. Consequently, the
printed wiring board 1 can be provided as a structure which is
excellent in transmission characteristics thereby to allow for
high-speed transmission, while being readily to be designed.

Second Embodiment

A printed wiring board 1 according to the second embodi-
ment will then be described. The printed wiring board 1
according to the second embodiment has differential trans-
mission lines and thus comprises a so-called differential
microstrip line structure.

FIG. 8 is an enlarged cross-sectional view, which corre-
sponds to FIG. 2, of the printed wiring board 1 according to
the second embodiment. The same reference numerals or
characters in FIG. 8 denote the same or similar components or
parameters in FIG. 2. As shown in FIG. 8, the printed wiring
board 1 according to the present embodiment has a pair of
signal lines 41a and 415, and two conductive lines 42a and
42b are juxtaposed at both sides of the pair of signal lines 41a
and 415. Reversed voltages are applied to the signal lines 41a
and 415, which are thus associated with approximately a
doubling of voltage potential difference to the ground layer
30. This may possibly cause the electric field variation to
increase during signal transmission thereby increasing the
loss. In the present embodiment, the electrostatic capacitance
between the pair of signal lines 41a and 415 is considered to
be doubled compared to the case where a single signal line is
used, and therefore, the printed wiring board 1 according to
the present embodiment, which has the differential microstrip
line structure, may be applied to the first embodiment.

That is, the printed wiring board 1 as shown in FIG. 8 has
a configuration which satisfies the following Relational
Expression 1 when the dielectric tangent A of the second
insulating layer (insulating layer A) 20 is larger than the
dielectric tangent B of the first insulating layer (insulating
layer B) 10.

(relative permittivity B)-(width (W41) of signal lines
41)/(thickness (7'10) of first insulating layer (in-
sulating layer B)10)>(relative permittivity 4)-{
(thickness (741) of signal lines 41)/(distance (S1)
between signal lines 41 and one conductive line
42a)+(thickness (741) of signal lines 41)/(dis-
tance (S2) between signal lines 41 and other con-
ductive line 42b)+(thickness (741) of signal lines
41)/(distance (S3) between pair of signal lines
(41a and 41b)-2} Relational Expression 1

Alternatively, the printed wiring board 1 as shown in FIG.
8 has a configuration which satisfies the following Relational
Expression 2 when the dielectric tangent A of the second
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insulating layer (insulating layer A) 20 is smaller than the
dielectric tangent B of the first insulating layer (insulating
layer B) 10.
(relative permittivity B)-(width (W41) of signal lines

41)/(thickness (710) of first insulating layer (in-

sulating layer B)10)<(relative permittivity 4)-{

(thickness (741) of signal lines 41)/(distance (S1)

between signal lines 41 and one conductive line

42a)+(thickness (741) of signal lines 41)/(dis-

tance (S2) between signal lines 41 and other con-

ductive line 425)+(thickness (741) of signal lines

41)/(distance (S3) between pair of signal lines

(41a and 41b)-2} Relational Expression 2

The present embodiment performs in a similar manner as
the first embodiment, and thus provides the printed wiring
board 1 which has a structure excellent in transmission char-
acteristics thereby to allow for high-speed transmission while
being readily to be designed.

Third Embodiment

A printed wiring board 1 according to the third embodi-
ment will then be described. The printed wiring board 1
according to the third embodiment is characterized by mak-
ing the ground layer 30 as a mesh structure in view of match-
ing the characteristic impedance. Other points have much in
common with the first embodiment and the second embodi-
ment, so the different points will be primarily described.

FIG. 9 is a perspective view that is viewed from the rear
surface of printed wiring board 1 as shown in FIG. 1. There-
fore, the first insulating layer 10 including the insulating base
material 11 is shown in the upper side than the protecting
layer (second insulating layer) 20. As shown in FIG. 9, the
ground layer 30 has a mesh structure configured such that a
plurality of regions are discretely removed to leave a remain-
ing region. Dotted area in the figure represents the remaining
region, while non-dotted areas within the ground layer 30 are
the removed regions. Thus, by making the ground layer 30 as
the mesh structure, the fraction of metal region in the ground
layer 30 may be adjusted to obtain a desired value of the
characteristic impedance.

The printed wiring board 1 according to the present
embodiment is modified with respect to Relational Expres-
sion 1 and Relational Expression 2 in the first and second
embodiments, so that the value of “(relative permittivity B of
first insulating layer 10)-(width W41 of signal line 41)/(thick-
ness (T10) of first insulating layer 10)” is multiplied by a
conductive region ratio representing the ratio of an area of the
remaining region to an area of the entire region where the
ground layer 30 is provided, thereby being calculated as
“(relative permittivity B of first insulating layer 10)-(width
W41 of signal line 41)/(thickness (T10) of first insulating
layer 10)-(conductive region ratio)”.

That is, the printed wiring board 1 as shown in FIG. 9 has
a configuration which satisfies the following Relational
Expression 1 when the dielectric tangent A of the second
insulating layer (insulating layer A) 20 is larger than the
dielectric tangent B of the first insulating layer (insulating
layer B) 10.

(relative permittivity B)-(width (W41) of signal line
41)/(thickness (710) of first insulating layer (in-
sulating layer B)10)-(conductive region ratio)>
(relative permittivity 4)-{(thickness (741) of sig-
nal line 41)/(distance (S1) between signal line 41
and one conductive line 42a)+(thickness (741) of

signal line 41)/(distance (S2) between signal line
41 and other conductive line 425)} Relational Expression 1

Alternatively, the printed wiring board 1 as shown in FIG.
9 has a configuration which satisfies the following Relational
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Expression 2 when the dielectric tangent A of the second
insulating layer (insulating layer A) 20 is smaller than the
dielectric tangent B of the first insulating layer (insulating
layer B) 10.

(relative permittivity B)-(width (W41) of signal line
41)/(thickness (7'10) of first insulating layer (in-
sulating layer B)10)-(conductive region ratio)<
(relative permittivity 4)-{(thickness (741) of sig-
nal line 41)/(distance (S1) between signal line 41
and one conductive line 42a)+(thickness (741) of
signal line 41)/(distance (S2) between signal line
41 and other conductive line 426)} Relational Expression 2

This may perform in a similar manner as the first and
second embodiments even if making the ground layer 30 as
the mesh structure in order to match the characteristic imped-
ance, and may thus provide the printed wiring board 1 which
has a structure excellent in transmission characteristics
thereby to allow for high-speed transmission while being
readily to be designed.

It is to be noted that the embodiments as explained above
are described to facilitate understanding of the present inven-
tion and are not described to limit the present invention.
Therefore, it is intended that the elements disclosed in the
above embodiments include all design changes and equiva-
lents to fall within the technical scope of the present inven-
tion.

DESCRIPTION OF REFERENCE NUMERALS

1. .. printed wiring board

10 . .. first insulating layer

11 . .. insulating base material

12 . .. first adhesive layer

13 ... second adhesive layer

20 . . . protecting layer, second insulating layer
40 . . . conductive layer

41, 41a, 415 . . . signal line

42,42a, 42b . . . ground line, conductive line
40a . . . copper foil layer

406 . . . plated layer

30 ... ground layer

What is claimed is:

1. A printed wiring board comprising:

a first insulating layer;

a ground layer formed on one main surface of the first
insulating layer;

a signal line formed on other main surface of the first
insulating layer;

two conductive lines formed on the other main surface of

the first insulating layer and juxtaposed to the signal line
such that the signal line is interposed between the con-
ductive lines; and

a second insulating layer laminated at a side of the other
main surface of the first insulating layer so as to cover the
signal line and the conductive lines,

wherein, upon a dielectric tangent of the second insulating
layer being larger than a dielectric tangent of the first

insulating layer, the printed wiring board is configured

to have a relationship as follows: (a relative permittivity
of'the first insulating layer)-(a width of the signal line)/(a
thickness of the first insulating layer)>(a relative permit-
tivity of the second insulating layer)-((a thickness of the
signal line)/(a distance between the signal line and one
of the conductive lines)+(the thickness of the signal

line)/(a distance between the signal line and the other of

the conductive lines)).
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2. The printed wiring board as set forth in claim 1, wherein

the ground layer has a mesh structure configured such that
a plurality of regions are discretely removed to leave a
remaining region, and

a value of (a relative permittivity of the first insulating
layer)-(a width of the signal line)/(a thickness of the first
insulating layer) in the relationship is multiplied by a
conductive region ratio representing a ratio of an area of
the remaining region to an area of an entire region where
the ground layer is provided, thereby being calculated as
(a relative permittivity of the first insulating layer)-(a
width of the signal line)/(a thickness of the first insulat-
ing layer)-(the conductive region ratio).

3. A printed wiring board comprising:

a first insulating layer;

a ground layer formed on one main surface of the first
insulating layer;

a pair of signal lines formed on other main surface of the
first insulating layer;

two conductive lines formed on the other main surface of
the first insulating layer and juxtaposed to the pair of
signal lines such that the signal lines are interposed
between the conductive lines; and

a second insulating layer laminated at a side of the other
main surface of the first insulating layer so as to cover the
signal lines and the conductive lines,

wherein, upon a dielectric tangent of the second insulating
layer being larger than a dielectric tangent of the first
insulating layer, the printed wiring board is configured
to have a relationship as follows: (a relative permittivity
of the first insulating layer)-(a width of the signal
lines)/(a thickness of the first insulating layer)>(a rela-
tive permittivity of the second insulating layer)-((a
thickness of the signal lines)/(a distance between the
signal lines and one of the conductive lines)+(the thick-
ness of the signal lines)/(a distance between the signal
and the other of the conductive lines)+(the thickness of
the signal lines)/(a distance between the pair of signal
lines)-2).

4. The printed wiring board as set forth in claim 3, wherein

the ground layer has a mesh structure configured such that
a plurality of regions are discretely removed to leave a
remaining region, and

a value of (a relative permittivity of the first insulating
layer)-(a width of the signal lines)/(a thickness of the
first insulating layer) in the relationship is multiplied by
a conductive region ratio representing a ratio of an area
of the remaining region to an area of an entire region
where the ground layer is provided, thereby being cal-
culated as (a relative permittivity of the first insulating
layer)-(a width of the signal lines)/(a thickness of the
first insulating layer)-(the conductive region ratio).

5. A printed wiring board comprising:

a first insulating layer;

a ground layer formed on one main surface of the first
insulating layer;

a signal line formed on other main surface of the first
insulating layer;

two conductive lines formed on the other main surface of
the first insulating layer and juxtaposed to the signal line
such that the signal line is interposed between the con-
ductive lines; and

a second insulating layer laminated at a side of the other
main surface of the first insulating layer so as to cover the
signal line and the conductive lines,

wherein, upon a dielectric tangent of the second insulating
layer being smaller than a dielectric tangent of the first
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insulating layer, the printed wiring board is configured a second insulating layer laminated at a side of the other
to have a relationship as follows: (a relative permittivity main surface of the first insulating layer so as to cover the
of'the first insulating layer)-(a width of the signal line)/(a signal lines and the conductive lines,

thickness of the first insulating layer)<(arelative permit-
tivity of the second insulating layer)-((a thickness of the 5
signal line)/(a distance between the signal line and one
of the conductive lines)+(the thickness of the signal
line)/(a distance between the signal line and the other of
the conductive lines)).

6. The printed wiring board as set forth in claim 5, wherein 10

the ground layer has a mesh structure configured such that
a plurality of regions are discretely removed to leave a - : Hslal .
remaining region, and signal line ar.ld one.of the copductlve lines)+(the tthk-

a value of (a relative permittivity of the first insulating ness of the signal lines)/(a distance between the signal
layer)-(a width of the signal line)/(a thickness of the first 15 line and the other of the conductive lines)+(the thickness
insulating layer) in the relationship is multiplied by a qf the signal lines)/(a distance between the pair of signal
conductive region ratio representing a ratio of an area of lines)-2).
the remaining region to an area of an entire region where 8. The printed wiring board as set forth in claim 7, wherein
the ground layer is provided, thereby being calculated as
(a relative permittivity of the first insulating layer)-(a 20
width of the signal line)/(a thickness of the first insulat-
ing layer)-(the conductive region ratio).

7. A printed wiring board comprising:

a first insulating layer;

a ground layer formed on one main surface of the first 25
insulating layer;

a pair of signal lines formed on other main surface of the
first insulating layer;

two conductive lines formed on the other main surface of
the first insulating layer and juxtaposed to the pair of 30
signal lines such that the signal lines are interposed
between the conductive lines; and ® ok ok ok

wherein, when a dielectric tangent of the second insulating
layer is smaller than a dielectric tangent of the first
insulating layer, the printed wiring board is configured
to have a relationship as follows: (a relative permittivity
of the first insulating layer)-(a width of the signal
lines)/(a thickness of the first insulating layer)<(a rela-
tive permittivity of the second insulating layer)-((a
thickness of the signal lines)/(a distance between the

the ground layer has a mesh structure configured such that
a plurality of regions are discretely removed to leave a
remaining region, and

a value of (a relative permittivity of the first insulating
layer)-(a width of the signal lines)/(a thickness of the
first insulating layer) in the relationship is multiplied by
a conductive region ratio representing a ratio of an area
of the remaining region to an area of an entire region
where the ground layer is provided, thereby being cal-
culated as (a relative permittivity of the first insulating
layer)-(a width of the signal lines)/(a thickness of the
first insulating layer)-(the conductive region ratio).



